Conventional therapies for inflammatory bowel diseases (IBD) involve combinations of pharmacologic agents such as aminosalicylates, azathioprine, and corticosteroids. Recently, the therapeutic scenario has been heavily increased by the introduction of agents including monoclonal antibodies targeted to specific proinflammatory cytokines, to adhesion molecules, and the induction of anti-inflammatory cytokines and T-cell activation. However, the use of these drugs is accompanied by a certain number of side effects, with some of them being quite severe, rising concerns about the safety profile. Furthermore, the cost of these emerging therapeutic strategies is significant , considering the increasing incidence and the chronic trend of IBD. Nutraceuticals is a broad term used to describe any product derived from food sources claiming extra health benefits beyond the intrinsic nutritional value found in foods. The beneficial effects of nutraceutical compounds in human health have been emerging in the last decades. Although few clinical trials have been performed in IBD patients, nutraceuticals, such as herbal products or vitamins, are generally accepted as safer alternative/supplementation to conventional therapy. In vitro and IBD-animal models studies have shown their involvement in several biological processes, including antioxidant defenses, cell proliferation, gene expression, which could account for a role in the maintenance of the mucosal barrier integrity, the control of the inflammatory pathways and the modulation of the immune response. These data suggest a wide spectrum of positive effects exerted by nutraceuticals, with a high potential for a therapeutic use in humans. In the present review, the beneficial effects of the most investigated nutraceutical compounds in the setting of human IBD are discussed.
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INTRODUCTION

Inflammatory bowel diseases (IBD), including
Crohn's disease (CD) and ulcerative colitis (UC), are a group of idiopathic, chronic and relapsing inflammatory disorders of the gastrointestinal tract, whose incidence and prevalence has been increasing in the last decades [1] . Although the etiology of IBD is still unclear, it is assumed that many interacting components could affect IBD development, including genetic susceptibility, ethnicity, environmental factors, infectious diseases, and dietary habits [2] . At present, the acknowledged pathogenetic mechanisms are featured by immune dysregulation, altered intestinal microflora, oxidative stress, defects in the gastrointestinal mucosal barrier and increased permeability, whose interplay leads to the onset of a state of chronic mucosal inflammation [3] . IBD patients often require lifelong medication, being the main goal of therapy both to induce a clinical remission and then maintain it for a long period of time. Severity and location of the disease account for the choice of therapeutic strategies, but also the awareness of potential side effects. Indeed, the currently approved drugs, such as corticosteroids, immunosuppressants and anti-tumor necrosis factor (TNF)-α antibodies, have been related to the risk of opportunistic infections and malignancies [4] . Furthermore, the course of the disease is often poorly controlled in a significant number of patients and besides conventional therapy, there are now emerging other novel biologic agents [5] . A crucial issue is the cost of these drugs, which are much more expensive than conventional therapy and concerns have arisen about the cost-effective management of IBD [6] . Surgery is the last option in critical patients, but is often associated with shortand long-term complications [7] . A poor adherence to therapy worsens this scenario, suggesting efforts by clinicians in understanding patients' needs and barriers to achieve a successful management [8] . For all the above mentioned reasons, alternatives for a safer, cheaper, and efficacious approach in managing IBD patients are being sought.
Nutraceutical compounds, such as bioactive peptides, phytochemicals, and omega 3-polyunsaturated fatty acids, are currently under investigation for their helpful activities in IBD [9] . According to the acknowledged definition, nutraceuticals are foods or parts thereof that provides medical or health benefits, including the prevention and/or treatment of a disease. The term "nutraceutical" was coined in 1989 by Stephen DeFelice and combines two words -"nutrient" (a nourishing food component) and "pharmaceutical" (a medical drug) [10] . The definition of nutraceuticals and related products generally depends on the source. They can be classified on the basis of their natural sources, or according their pharmacological conditions, as well as chemical constitution of the products. This means that different way of classification are possible. Chauhan et al [11] proposed that nutraceuticals can be grouped into three broad categories: (1) substances with established nutritional functions, such as vitamins, minerals, amino acids and fatty acids, also defined nutrients; (2) herbs or botanical products as concentrates and extracts, often called herbals; and (3) reagents derived from other sources (e.g., pyruvate, chondroitin sulphate, steroid hormone precursors) serving specific functions, such as sports nutrition, weight-loss supplements and meal replacements, also indicated as dietary supplements ( Figure 1) . In recent years, use of complementary and alternative medicine (CAM) has spread due to the perceived natural and health benefits and the most commonly used CAM in IBD patients appear to be vitamin supplements and herbal therapies [12] . Previous studies in active IBD and in experimental DSS-colitis have shown that dietary supplements, such as probiotics, fish oil, curcumin and aloe vera, can ameliorate intestinal inflammation [13] . Plant-derived natural compounds carry out their protective and therapeutic effect through different molecular pathways, including anti-inflammatory and immunoregulatory mechanisms, anti-oxidative properties, and modulation of intracellular signaling transduction pathways [14] . Curcumin and green tea supplementation have been reported to be effective in reducing both IBD symptomatology and inflammatory scores, but strong evidence is limited [15] . The aim of this minireview is to describe the more common nutraceutical compounds used in IBD and to comment on recent findings for their possible applications in humans. We did not chosen to discuss data deriving from in vitro or animal studies, and the agents heading each of the four paragraphs represent compounds worthy of note for their use in human clinical trials investigating IBD.
PROBIOTICS AND PREBIOTICS
A growing body of evidence documents the use of probiotics and prebiotics in IBD treatment. Probiotics are defined as "live microorganisms which when administered in adequate amounts confer a health benefit on the host" [16] . The human gastrointestinal tract contains about 10 14 bacteria, mostly concentrated in the large intestine and named intestinal microflora. It contributes to digestion of nutrients and waste products of metabolism and acts as an important barrier function against pathogens [17] . The triggering of chronic intestinal inflammation seems to depend somehow on the flora. In animal models, resident enteric bacteria are necessary for development of spontaneous colitis [18] . At the same time, a disruption of the fine balance between the host and its microbes is a hallmark of the inflammatory process in the gut [19] . Since this proven involvement of intestinal bacteria in IBD, various attempts have been made to modify the flora with probiotics.
Bifidobacterium, represent some of the most studied microorganism in human IBD. In 1997, Malchow evaluated the maintaining remission rates among the probiotic and placebo groups using E. coli Nissle 1917 in CD patients, but no statistically significant difference was found due to the small sample size [20] . A reduction in clinical relapse of CD to 6.25% vs 37.5% was obtained with S. boulardii supplementation over a 6 mo period but a larger subsequent study with the same agent did not confirm these benefits [21, 22] . A third study with S. boulardii showed a reduction in the intestinal permeability in the probiotic group, however some concerns arose due to wide variability of intestinal permeability in CD patients and lack of correlation with CD activity index (CDAI) or endoscopic remission [23] . The largest probiotic trials in UC assessed the role of VSL#3, a multibacterial culture for oral use, consisting of the following species of bacteria:
bulgaricus, and S. thermophiles [24] . An Indian multicenter trial showed a 42.9% of VSL#3 patients remission, compared with 15.7% of placebo patients [25] , as well as an Italian 8 wk study which showed that VSL#3 was significantly superior to placebo in reducing the disease activity of mild-to-moderate UC. Moreover, VSL#3 improved rectal bleeding and seemed to lower entity of relapsing UC patients, although these parameters did not reach statistical significance due to the high placebo response rate and relatively short duration of the study [26] . Bifidobacteria was successful in maintaining UC remission in a long term trial, showing a 73% remission rate compared with 10% in the placebo group [27] . The probiotic drug E. coli Nissle 1917 shows equivalent efficacy and safety in maintaining remission compared to the gold standard mesalazine in a large cohort of patients with UC. The ability in preventing relapse was confirmed by statistical analysis with both of the PP population and ITT analysis [28] . Similar findings were demonstrated by Rembacken et al [29] in 1999, who reported a 67% of relapse rate in the E. coli Nissle 1917 group compared with 73% in the mesalazine group (p = 0.059). A lot of mechanisms have been proposed to explain the beneficial role of probiotics in IBD, focusing on their ability to colonize the colon and inhibit the growth of pathogenic used as a spice, food preservative and a coloring agent in foods. Its anti-inflammatory mechanism works mainly through the suppression of the nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB)-related inflammatory pathway, with subsequent inhibition of TNF-α, IL-12 and IL-2, thus affecting the immune response modulation and representing a safe and promising agent for treatment of IBD [39] . Curcumin was reported to be effective in inducing remission in IBD patients both in a pilot study and in a multicenter randomized, placebo-controlled, doubleblind trial, without producing adverse effects [40, 41] .
Moreover, curcumin showed a lower relapse rate in UC compared with placebo, supporting its efficacy also as a maintenance therapy [42] . Beside oral administration, curcumin was found to be effective also in enema formulation, as reported by Singla et al [43] in a randomized, double-blind, single-centre pilot study. Of note, the tolerability of oral supplementation with curcumin was assessed in a pediatric IBD population, and did not raise concerns regarding its safety [44] . Aloe vera gel, a plant extract known for medicinal purposes in several cultures for centuries, is one of the common herbal therapies used for IBD, despite a lack of large trials confirming its efficacy [45] . Langmead et al [46] demonstrated the induction of clinical response in UC patients after a four week treatment with orally Aloe vera gel administration, but no significant effects on endoscopic and histological outcomes were found. Flavonoids, which are widely distributed in fruits and vegetables, are included into the polyphenols category. Flavonoid sources as dietary supplement for therapeutic use have been proposed and their mode of action have been documented. Their use in IBD, thus limited in evidences, is intriguing due to the exhibited anti-inflammatory and immunomodulatory properties [47] . Anthocyanins are a class of dietary flavonoids widespread in fruits and flowers, where they are responsible for the blue, purple and red colours. Their anti-oxidant properties, added to a direct interference both with gene expression and receptorspecies [30] . Moreover, probiotics are known to interact with epithelial and immune cells resident in the intestinal mucosa, reinforcing the barrier function and modulating the immune response [31] . Therapeutic modulation of the gut microbiota in IBD also contemplates the use of prebiotics, dietary substances that stimulate the growth and metabolism of protective commensal enteric bacteria, and synbiotics, which are products that contain both probiotics and prebiotics [32] . Hafer et al [33] showed no significant improvement in clinical activity index, endoscopic score or immunohistochemical parameters in CD and UC patients receiving lactulose compared with the control group. A similar failure was observed by the administration of fructo-oligosaccharides in 103 CD patients in a 4 wk trial [34] . A synbiotic consumption was effective in CD patients, ameliorating clinical outcomes and histological findings [35] , and also in the UC setting synbiotic administration resulted in a promising outcome [36] . Table 1 summarizes the most relevant randomized controlled trials with probiotics, prebiotics and synbiotics, performed in patients with IBD in the last twenty years.
PHYTOCHEMICALS
Phytochemicals are a group of nutraceutical compounds derived from plants which hold healthy properties. Benefits from nutraceuticals rich in polyphenols and antioxidants derive from their properties to scavenge free radicals, induce antiinflammatory responses, maintaining a homeostatic regulation of the gut microbiota, and activate the intestinal T regulatory cells [37] . Phenolic compounds represent the most widely distributed plant secondary metabolites and several studies have investigated their effects on intestinal inflammation, either as pure molecules or as plant extracts, in humans [38] . Curcumin is the principal natural curcuminoid (a class of phenols) found in the plant Curcuma longa, which is commonly Table 1 Randomized controlled trials using probiotics, prebiotics and synbiotics in patients with inflammatory bowel diseaes
Ref. Treatment Duration Subjects (n ) Findings
Malchow et al [20] 1997 E. coli Nissle 1917 12 mo Active CD (28) Trend toward reduced relapse rate Guslandi [21] 2000 S. boulardii 6 mo Active CD (32) Significant reduction in relapse rate Bourreille et al [22] 2013 S. boulardii 12 mo Active CD (165) No significant reduction in relapse rate Garcia Vilela et al [23] 2008 S. boulardii 3 mo Remission CD (34) Reduction in intestinal permeability Sood et al [25] 2009 VSL#3 12 wk Active UC (147) Significant achieved remission Tursi et al [26] 2010 VSL#3 8 wk Active UC (144) Significant reduction in disease activity Ishikawa et al [27] 2003 Bifidobacteria 12 mo Remission UC (21) Significant maintenance of remission Kruis et al [28] 2004 E. coli Nissle 1917 12 mo Remission UC (327) Equivalence to mesalazine in remission Rembacken et al [29] 1999 E. coli Nissle 1917 12 mo Remission UC (166) Equivalence to mesalazine in remission Hafer et al [33] 2007 Lactulose 4 mo Active CD and UC (31) No clinical benefits Benjamin et al [34] During an open label pilot study, UC patients with mild to moderate disease were treated with an anthocyanin-rich bilberry preparation. After 6 wk treatment, endoscopic and histologic disease activity and fecal calprotectin levels were significantly reduced in the study participants [48] . Furthermore, colon biopsies of UC patients who responded to the 6 wk bilberry treatment revealed reduced amounts of the pro-inflammatory cytokines IFN-γ and TNF-α along with enhanced levels of the immunoregulatory cytokine IL-10 [49] . Beside anthocyanins, other flavonoids exhibit nutritional values and a good safety profile of flavonoids from myrrh and chamomile has been found in a noninferiority trial with IBD patients [50] . Boswellia serrata is a traditional herbal remedy with the recognized properties of intestinal epithelial barrier preservation and oxidative and inflammatory damage attenuation, and therefore in 2011 a large trial was carried out with this extract with the aim to maintain remission in CD patients [51] . Despite a good safety profile, no statistically significant difference was found compared with placebo regarding the primary endpoint. In a UC setting, an old study demonstrated an improvement of clinical parameters in the 30 patients treated with Boswellia serrata gum resin preparation compared with the controls who received sulfasalazine [52] . pistacia lentiscus, known as Chios mastic gum, is an evergreen shrub widely distributed in the Mediterranean region. Oleogum resin from pistacia lentiscus was found to act as an immunomodulatory agent on peripheral blood mononuclear cells by inhibiting TNF-α and stimulating macrophage migration inhibitory factor (MIF) activity. Indeed, its administration in CD patients resulted both in the reduction of TNF-α secretion and in the increase of MIF, with consequent inhibition of random migration and chemotaxis of monocytes/ macrophages [53] . Clinical benefits of pistacia lentiscus in CD was sustained by another study which showed a significant reduction in the CDAI compared with pretreatment values, following 4 wk of treatment [54] . The herbal extract HMPL-004 is derived from Andrographis paniculata, a herbal mixture used to treat inflammatory diseases, which has been reported to significantly reduce the transcriptional activity of NF-κB and decrease secretions of pro-inflammatory cytokines such as TNF-α and IL-6. Its benefits in active UC were addressed by two randomized, double-blind, 8 wk trials, showing a decrease in the total Mayo score of three points as well as a 30% reduction in rectal bleeding [55, 56] . However, those promising greater rates of remission and clinical response compared with placebo or mesalazine did not reach statistical significance, thus suggesting a potential role for HMPL-004 in the management of IBD but also enforcing the need for additional and adequately powered studies. Figure 2 summarizes the interactions between some phytochemical agents and the inflammatory network.
DIETARY LIPIDS AND FAT-SOLUBLE VITAMINS
Dietary lipids are one of the most active nutritional substrates modulating the human immune response and, in particular, the gut mucosal immune system. The behavior of polyunsaturated fatty acids (PUFA) have been widely investigated during inflammatory processes and also in the IBD setting. The most interesting fatty acids are the n-6 PUFA arachidonic acid (AA), which is the precursor of inflammatory eicosanoids like prostaglandin E(2) and leukotriene B(4), and the n-3 PUFAs eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), which are abundant in fish oils. The modifying action of the lipid mediator profile is exerted by n-3 PUFAs mainly acting as a competitive substrate, which decreases the production of the eicosanoids from AA, but also reducing leucocyte chemotaxis and inflammatory cytokine production [57] . A rising incidence of IBD has been reported in countries in which the diseases were previously uncommon and this fact became more prominent after the "westernisation" of lifestyle, in particular with dietary changes including a higher intake of n-6 PUFAs and a reduced consumption of n-3 PUFAs [58] . Tjonneland et al [59] observed a correlation between higher intake of linoleic acid, a n-6 PUFA, and an increased risk of UC, suggesting a possible role for dietary linoleic acid in the etiology of the disease. On the other hand, oleic acid, which is the predominant ingredient of olive oil, was found to be inversely associated with UC development [60] . In agreement with this finding, a prospective large study showed an inverse association between greater long-term intake of long-chain n-3 PUFAs and risk of UC, confirming the protective effect of n-3 PUFA intake, while no specific fatty acids appeared to be associated with the risk of CD [61] . A Japanese study showed that a dietary intervention focused on lowering n-6/n-3 PUFA ratio was effective in maintaining disease remission in patients with IBD, possibly through the increasing of n-3 PUFA intake [62] . A 12 wk fish oil supplementation in patients with IBD resulted in n-3 PUFA incorporation into gut mucosal tissue and modification of inflammatory mediator profiles, showing how readily colonic lipids, prostaglandin and thromboxane synthesis can be altered by dietary changes [63] . Eleven patients with UC were studied in an 8-mo, double-blind, placebocontrolled, trial of dietary supplementation with fish oil, achieving a mean disease activity index that had declined in 56% of patients receiving fish oil and in 4% of patients on placebo. Moreover, fish oil ingestion revealed a well-tolerated profile in all patients and no alteration in routine blood exams appeared [64] .
Despite these promising results, a large, randomized, multicenter trial did not show the utility of omega-3 free fatty acids for the prevention of relapse in CD [65] . However , the above mentioned successful data need to be interpret with caution due to the small study size and poor study quality. Indeed, a recent review observed how the current data do not allow for a definitive conclusion regarding the efficacy of fish oil in IBD, there being not sufficient data to recommend the use of omega 3 fatty acids for treating those conditions [66] . An interesting role in the nutraceutical scenario used in the IBD setting has been proposed for the fat-soluble vitamins, such as A, D, E, and K. The deficiency of vitamin D, whose main source is endogenous production in the skin upon exposure to sunlight, was found to be significantly associated with IBD [67] . Evidence supports an immunological role of vitamin D in IBD, both promoting tissue barrier formation through the expression of cell adhesion proteins and stabilization of tight junctions between epithelial cells, and inhibiting the production of proinflammatory cytokines through the activation of vitamin D receptor [68] . Interventional human studies examining the effects of vitamin D supplementation on disease activity in CD showed lower relapse rates and improvement in CDAI [69, 70] . Results from a recent randomized controlled trial support the benefits from vitamin D supplementation also in UC patients, since a decrease in ESR and CRP levels was found in the treatment group [71] . However, an optimal vitamin D supplementation protocol for patients with IBD remains undetermined, and large well-designed clinical trials and mechanistic studies are needed to determine if, and how, the promising data of literature can be translated into tangible clinical benefits [72] . Still less is available regarding the other fat-soluble vitamins. It has been suggested that vitamin K may be involved in the modulation of disease activity and maintenance of bone health in IBD patients. Nakajima et al [73] evaluated vitamin K levels of patients with IBD by measuring serum undecarboxylated osteocalcin and found a significant correlation with the clinical activity index of CD. The complexity of these interactions has been highlighted by Kuwabara et al [74] , who found that a low plasma concentration of vitamin K was an independent risk factor for low bone mineral density in IBD patients, but these low levels were associated with the patients' fat intake, and not with the intake of vitamin K, thus suggesting a malabsorption rather than a poor dietary intake.
DIETARY PEPTIDES AND AMINO ACIDS
Dietary peptides and amino acids (AAs) have been shown to modulate intestinal immune functions and influence inflammatory responses, being involved in reducing inflammation, oxidative stress, and apoptosis in the gut [75] . Processes that lead to bioactive peptide release include in vivo enzymatic digestion in the gastrointestinal tract both by human and microbiota enzymes, or in vitro food processing. Any protein source can produce bioactive peptides, milk being the best studied, but bioactive peptides from egg, fish, meat, algae or soy have also been reported [76] . Milk-derived products are already in clinical use for the treatment of IBD, such as casein-based enteral feeds which are used for the treatment of CD and whose efficacy might be due, in part, to the presence of the anti-inflammatory cytokine transforming growth factor-β [77] . Colostrum is a form of milk produced by the mammary glands of mammals just prior to calving. Bovine colostrum is a rich source of nutrients, antibodies, antimicrobial peptides (e.g., lactoferrin, lactoperoxidase) and growth factors and its beneficial properties have been demonstrated during an initial study with UC patients treated by enema administration [78] . An amelioration in body composition, with a decrease in fat percentage, has been obtained in CD patients after whey and soy protein dietary supplementation [79] . Considering that a reduction of body fat contributes to the control of inflammation, these nutritional strategies may be useful as alternative or ancillary treatments in IBD. The current available information indicates a potential for food-derived peptides to counteract inflammation during the course of IBD, but further investigation is needed to clarify which peptides are responsible for the benefits and how they exert their impact . While experimental studies in animal models evaluating isolated AAs such as tryptophan, glutamine, and cysteine, offer promising data, their effects in IBD have been poorly documented in humans. The few available clinical studies show disappointing results with oral glutamine in CD and a controversial role for arginine [80] .
CONCLUSION
New challenges lie ahead for clinical management of IBD, since an increasing emphasis on the safety of therapies for IBD is emerging from literature, hand in hand with the introduction of novel drugs. The available data concerning the administration of nutraceutical compounds in IBD patients support their beneficial effects accompanied by a good safety profile and invite clinicians to pay more attention to these opportunities. Indeed, the cost of treatment of IBD patients is continuously rising and nutraceutical approaches might represent a new effective and cheap treatment method. However, evidence-based information about their use is still lacking and more clinical studies to elucidate their role and optimal administration are needed.
